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Abstract 
Telecommunication mini mast structures are usually placed on the rooftop of building in order to enhance network coverage. 
There are two designs of mini mast structure that is widely used in Malaysia as provided by an engineering consultant. This study 
intends to implement finite element modelling via software (ANSYS) to simulate the structures that are subjected to dead load 
(self weight and communication system weight) and wind load which are apparent at high rise building. Validation of the finite 
element model was done by performing two-bar truss analysis via both exact solution (implementation of element equation) and 
finite element computation using ANSYS. Both designs (namely Design 1 and Design 2), which varies in members type and 
quantity, were replicated virtually in ANSYS by the truss element type BEAM188 and neglecting the effect of bolt and joints. 
Results of FEA reveals that Design 2 which made higher number of parts produces higher structural strength (4.99208 MPa) and 
displacement (10 mm) than Design 1 (15.102 MPa, 3.35 mm). However, stress-to-displacement ratio of Design 2 is higher 
(4.992) than Design 1 (4.508) which deducing that Design 2 is preferable. 
© 2013The Authors.Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Malaysian Tribology Society (MYTRIBOS), Department 
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Nomenclature 
A bar cross sectional area 
E Young's modulus 
F Loading 
f reaction force components on x-, y-, z-axis direction 
S tensile strength 
Sy yield strength 
Greek symbols 
ρ density 
ν Poisson’s ratio 
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Subscripts 
x,y direction in x-axis/y-axis 
1,2,3 points1, 2, 3of two-bar truss 
1. Introduction 
Telecommunication tower serves as a platform for a receiver and transmitter of wireless type communication 
which includes mobile and internet networking, television and radio broadcasting and also integration of radar 
system [1,2]. Rapid growth in telecommunication sector demands for a wider mobile or networkcoverage [3-5]. 
Thecurrent trend leadstelecommunication companies (Telcos) toincrease number of tower installation on either 
building rooftop or ground site. In a crowded city, telecommunication tower structures aremounted on a building 
rooftop for a better network transmission. The usual type tower structures for that purpose are pole, tripod and mini 
masttype [6]. Out of the three, mini mast structure (MMS) type is more stable where it is much preferred for larger 
in size and higher number of systems set up. The main reason behind it is that MMS has more bracing members 
that are interconnected to the main feet structures (see Fig. 1). The members are arranged such that it will form 
triangular array framework that is stable and strong [7]. 
 
 
 
 
Fig. 1.Parts of MMS   Fig. 2. A MMS under two type of loadings dead load   
      such as self and system weight andeffect of wind load. 
 
Generally, MMS consists of a vertical continuous mast which is laterally supported at several levels, along its 
height by a set of equal angle bracing members. Few design codes existfor a steel MMS fabrication and design. For 
example, in a guideline by American Society of Civil Engineering (ASCE), the members of the structure should be 
designed either as compression or tension members[8,9]. Failure of any members will lead to compartment's as 
well as total structure failure. The members are subjected to few failure modes. A compression member would 
have allergenic material, elastic buckling or inelastic curve failures [10]. While a tension member might undergo 
excessive elongation or localized fracture from the sections that have opening such as fasteners position. All of 
these failures are originated from kinds of loading such as dead load (self weight or weight ofantenna etc.) and 
dynamic loading i.e. wind strike that is associated with altitude as in Fig. 2 [7, 11,12]. In Malaysia, the usual wind 
speed at 10 m altitude is around 35.5 m/s [13]. This condition is similar to mast structure installed on top of an 
airport control bridge. 
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Prior to fabrication, the maker should be able to verify the proposed design to meets the client's specifications 
and also conforms to the related guidelines.An optimized design which is higher in strength-to-weight ratio is 
necessary in cost reduction for mass tower installation. 
Over the past decades, the finite element method has been applied to solve the solid mechanics problems in 
view of its accuracy, convenience and flexibility [14-15].2-D modeling is known for its simplicity and ability to be 
run on normal computers. However, the solution is less accurate than the much preferable 3-D modeling that 
requires high performance computers.Specifically for steel structure, Marcel et. al. investigated the structural 
behaviour of guyed steel structure towers by employing FEM[11]. Often the joining of hinges is assumed as rigid 
thus neglecting the effect of torsion and bending at that very specific part. Bao and Zhang had compared two 
proposed designs of guyed mast by non-linear analysis [6].   
This research for the first time attempts to assesses the two most common designs of MMS by simulating and 
analysing the deformation and stress distribution employing finite element method by the means of commercial 
software i.e. ANSYS(ANSYS v14.0, 2011 SAS IP, Inc., UiTM Licence)as the modeller and processor. This study 
issignificant in structure material selection and design process prior to fabrication and installation. By using finite 
element software namely ANSYS,predicting the failure behaviour of a structure is simplified while reducing or 
eliminating physical tests.The study outcomes might be useful for Telcosto optimizemast structureto reduce cost of 
the material and fabrication for structure. 
2. Methodology 
This studyis performed on two designs of mild steel type MMS subjected to loadings i.e. dead and wind loading 
at 10 m height. Table while Table 2 tabulates the material properties for mild steel. The overall procedure of the 
study is represented in flow chart (Fig.3), comprises of main stages as described below:- 
• Finite element model validation 
• Stress analysis of two (2) mini mast structure designs 
 
 
Table 1. Material properties of mild steel used in the study 
 
 
 
 
 
 
 
 
 
Fig. 3.Process flow of FEA of MMS. 
 
2.1. Finite element model validation 
FE model for the study must be validated analytically prior to further FE stress analysis. Both approaches used 
 Material Properties Value 
Density, ρ 7 
Young's Modulus, E 205 GPa 
Poisson's ratio 0.3 
Tensile Strength, S 4.98 GPa 
Yield Strength, SY 3.55 GPa 
Thermal Coefficient 1.2 x 10-5 Co-1 
Damping Ratio 0.03 
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the same material properties of mild steel. The analytical or exact solution is based on two-bar truss geometry with 
rectangular cross sectional area, A of  6.4516 x 10-4 m2 with length, L of 0.4 m as depicted in Fig. 4. The two bars or 
element A and B are positioned 45o w.r.t. to the fixed base. Load, F of 10 kN had been applied upwards at the joint 
between the two bars.Thereaction forces and maximum displacements for point 1, 2 and 3, inx-axis and y-
axisaresolved basedon element equation [16]. For example, structural element for member A which consists of Point 
1 and 3, is presented by Equation (1).  The same equation applies to member B (Point 2 and 3). By applying 
boundary conditions (d1x = d1y = d2x = d2y = 0) and constants of C = 0.5-1/2 and S = 0.5-1/2, the reaction force 
components at point 1 and 2, f1 and f2 respectively as well as the displacements at point 3, d3x and d3y were solved.  
The same two-bar truss was replicated by ANSYS software into three key points to define the body (see Fig. 5). 
Element type used was structural mass link type i.e. LINK180 with size of element of 1 x 1 and 1 division per line. 
Under static analysis, the numerical model was computed.To validate the numerical solutions, this finite-element 
results are compared with exact solution as presented in Table. 3.As could be observed in Table 3, ANSYS 
numerical FE results produced accurate values as the exact solution with0% of error. Thus, this model is considered 
valid and applicable for the next stress analysis. 
 
 
Fig.4. Free body diagram for two-bas truss structures. 
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 Fig. 5.FE model of two bar constructed by ANSYS. 
Resulting  
Components 
Exact 
 Solution 
FEA  
(ANSYS) Error (%) 
f1x (N) - 5 000 - 5 000 0.0 
f1y (N) - 5 000 - 5 000 0.0 
f2x (N) 5 000 5 000 0.0 
f2y (N) - 5 000 -5 000 0.0 
d3x (mm) 0.000 0.000 0.0 
d3y (mm) 0.254 0.254 0.0 
Table  2. Comparison of exact and finite-element solution for Point  
1 and 2's  resulting  forces components and Point 3 displacement 
components
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2.2. Stress Analysis of Mini Mast Structuresby using ANSYS 
The analysis is performed on the previous two (2) designs of MMS that are commonly used by Malaysian telcos 
which differ in structural member configuration (refer Table 3). Each of the design is using one or two specific 
members dimension namely M.S. Tube and M.S. Angle. The detailed drawings of the MMS can be referred to a 
consultant company [17].Each of the tower design is 9 m in height, not exceeding maximum height allowed i.e. 12 
m [18].Total number of elements is 25 (Design 1) and 38 (Design 2) using BEAM188 elements. The prediction of 
failure is neglecting the type of joint effects.Stress analysis is performed to determine the maximum stress loading 
that each members of MMS could withstand and its corresponding deformation i.e. displacement. Applying stress 
beyond the maximum loading will cause the MMS to undergo structural failure. The load transfer paths are in axial 
direction via structure frame members. 
 
Table 4 shows the loadings considered for the current study. Self-weight load is acting on the centroid, and 
external load from the communication system are distributed throughout foot members. Wind load acts on the tip of 
free top at right hand side.  In addition, few safety factors are suggested by the consultant company, for all loadings 
as tabulated in Table 4 [17]. 
 
Table3.Two designs of MMS(Design 1 and Design 2) used for the analysis 
 
Specifications Design 1 Design 2 
Model 
Construction: 
 
• Linear/ Isotropic 
• BEAM188 
• No. of element = 
25 (D1) 
• No. of element = 
38 (D2) 
Bracing Member 
 type / size (mm3) 
/quantity 
M.S. Angle / 50 x 50 x 5 / 66 M.S. Angle / 40 x 40 x 6 / 108 
Foot structure type 
/ size (mm3) / 
quantity 
M.S. Tube / ∅89 x 3000 / 12 M.S. Angle / 65 x 65 x 9 / 42 
Overall Structure 
Height (m) 
9.0 
Overall Structure 
Width (m) 
1.0 
Overall Structure 
Weight (kg) 
800 840 
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Table 4.  Loadings subjected to MMS    Table5.  Safety factors in each design 
  
 
 
 
 
 
 
3. Results and Discussion  
Outcome of the stress analysis on MMS Design 1 and 2 are demonstrated in the stress distribution plots below 
(Fig. 6) and the values of maximum displacement of the top of structures as well as maximum stress are tabulated in 
Table 6 below. It is observed that the highest stress among the two design is 49920.8 kN/m2 for Design 2 which 
having highest displacement of 10.0 mm.   Design 2 records 15102.1 kN/m2 of maximum stress with 3.35 mm 
maximum displacement at the point wind loading. It is obvious here that higher maximum stress contributes to 
higher deflection in our case of fixed mounted tower.The difference in maximum stress and displacement are clearly 
large by more than 100% even though both MMSs do have similar height. The main reason is the configuration of 
members (feet and members). Different configurations vary in structural member type and quantity. For example 
Design 1 is made of 66 bracing members while Design 2 consists of 108.  In case of structural rigidity of foot 
structure, less number of structural members would yield lower displacement and smaller deformation. MMS of 
Design 1 generates much lower maximum stress and displacement due to the tube type foot members which only 
consist of three parts at each side (total of 12 parts). Design 2 foot member is made of 9 parts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Preload (dotted lines) and deformed MMS (a) Design 1 and (b) Design 2. 
 
  Table 6. Simulation of stress analysis (ANSYS) results 
Design 1 Design 2 Difference (%) 
Maximum Stress (kN/m2) 15102.1 49920.8 230.55 
Maximum Displacement (mm) 3.35 10.00 198.51 
Stress-to-displacement ratio 
(MPa/mm) 4.508 4.992 - 
Load Type Value (N) 
Self weight (Design 1/ Design 2) 7848.0 / 8240.4 
Communication system weight 2471.5 
Wind Strike 
(for wind velocity = 35.5 m/s, 
drag coefficient = 1.6, @ 30o C) 
2500.0 
Design Condition Safety factor 
Material (Mild Steel) 1.10 
Dead Load 1.05 
Dynamic Load 1.26 
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4. Conclusion 
The current study highlights the success of finite element implementation using commercial software (ANSYS) 
to assess two most common designs of MMS. Determining the stress distribution of two mild steel MMS under self 
weight and wind loadings has been accomplished successfully. Furthermore, from the validation of a simple two-bar 
truss system, FE analysis is proven to produce accurate results as compared to the exact solution. The results show 
that Design 1 generates lower stress and displacement distribution compared to Design 2. Moreover, it consists of 
less number of components compared to Design 2. The outcomes prove that the current study is important and has 
contributed knowledge towards designing and optimizingcomplex steel structures employing simulation approach.  
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